Abstract--Quantitative measurements are made of the adsorption of benzidine and aniline from aqueous hydrochloride solutions by Na-, Li-, and Ca-montmorillonite and of the displaced inorganic cations. From these data, the ionic states of the adsorbed organic species are determined. Under conditions of controlled pH, the adsorption of benzidine increases as the pH increases, and involves mainly divalent species at pH < 3.2, and increasing proportions of monovalent and neutral species at pH > 3.2. With aniline, monovalent and neutral species are adsorbed, and hydrogen ions also appear to participate in the reactions.
INTRODUCTION
ALTHOUGH the color reactions of benzidine, aniline and other aromatic amines with clay minerals, particularly montmorillonite, have been extensively studied, (see reviews by Theng, 1971; Lahav and Raziel, 1971) it is surprising that few quantitative adsorption studies have been made.
The present work measured the adsorptions by montmorillonite of benzidine and aniline from aqueous solutions of their hydrochlorides, and the displaced inorganic cations, with pH of the system as a major variable. Dodd and Ray (1960) made a similar study but their method of measuring the adsorption by a Kjeldahl determination of nitrogen on the clay did not give very precise results and they did not measure the displaced cations which are important in determining the nature of the adsorbed species. In their interpretation of the results, they assumed that only divalent and monovalent semiquinones undergo exchange reaction. Lahav and Raziel (1971) studied the adsorption of benzidine (not its hydrochloride) by montmorillonite from very dilute aqueous solutions in the pH range 7-9-3 and concluded that "the adsorption is a compli-*Clay-Organic Studies XXI. cated process in which oxidation of the organic molecule and cation exchange are involved."
A second part of the present work has been a re-examination of the color reactions of Li-, Na-, and Ca-montmorillonite, and Mg-hectorite, with benzidine and aniline under various controlled experimental conditions, and a consideration of the possible reactions in the light of these and previous studies.
I--ADSORPTION STUDY EXPERIMENTAL PROCEDURES

Materials
A Wyoming montmorillonite, supplied by the American Colloid Company under the name "Volclay," and a Southwestern hectorite supplied by Dr. W. F. Moll, Georgia Kaolin Company, were used for the experiments. The structural formula of the Na -saturated Volclay was given by Brindley Fe0.17 Fe0.02 Mg0.27) and Ertem (1971) as: Na0.33 (A1~.57 3+ 2+ (Si389 A10.~00~0(OH)2. Na § and Li+-montmorillonite were prepared by treatment with the respective 1-0-5N chloride solutions and removal of excess electrolyte by centrifugation and washing, 9nd subsequently by dialysis at around 60~ Material coarser than about 1 tzm was removed by centrifugation. Ca2 § was prepared from the Na+-montmorillonite as described above. These clay suspensions were dried in open air at about 60--90~ ground lightly with pestle and mortar, and stored in powdered form; when required, they were re-dispersed in deionized water. The exchange capacity of the clay from several determinations (see later, under Discussion) is around 95 mequiv/100g clay.
X-ray diffraction patterns of a natural Southwestern hectorite showed no crystalline impurities; calcite which is commonly present was not detected. The natural hectorite was dispersed in deionized water, washed and dialysed as described above. Material coarser than about 1/xm was removed by centrifugation. By exchanging the Mg 2 § ions on the clay with 1 N NH4CI solution, an exchange value of 128 m-equiv Mg2+/100g dry clay was obtained by atomic absorption analysis. The Mg 2 § ions could not be replaced directly either by Li ~ or Ne § ions using chloride solutions and were replaced only partially by Ca :+ ions. The natural Mg-hectorite therefore was used in the experiments.
The organic compounds used, benzidine dihydrochloride from Fisher Scientific Company and aniline hydrochloride from Eastman Kodak Company, were of reagent grade quality and were used as supplied.
Adsorption isotherms in relation to amount of added organics
All adsorption measurements were carried out under normal laboratory conditions with the temperature around 25~ To a measured volume of clay suspension, various amounts of amine hydrochloride solutions and deionized water were added to obtain a fixed final volume, (Table 1) . Screw top glass bottles were used for the experiments with Li + and Ca2 § and polypropylene bottles with Na+-montmorillonite to prevent possible contamination by Na § from the glass bottle. After standing 24hr, the complexes were centrifuged. The pH values of the supernatant liquids were measured by a Beckman Expandomatic pHmeter, with an accuracy of about +-0.05, except for values above 4, where the pH drifted slowly to higher values. Aliquots of the supernatant solutions were diluted with deionized water and a NaOAc-HOAc buffer solution to keep pH value constant (5.4-+0.2 for benzidine, 5-60-+0.05 for aniline) for the spectrometric measurement at wave length 280 mt~ by a Beckman DK-2A Ratio Recording Spectrophotometer. The absorption peak of aniline was more sensitive to the change of pH around pH 5 than that of benzidine. The accuracy of this measurement was better than +-2 per cent for benzidine and better than -+ 5 per cent for aniline. The amount of adsorbed organic was determined as the difference between the amounts of organic added and remaining. A second aliquot of the supernatant solution was diluted with deionized water and the amount of displaced cations was measured with a Perkin-Elmer 303 Atomic Absorption Spectrophotometer.
An adsorption isotherm under various pH conditions
To 25 ml or 20 ml Ca2+-montmorillonite suspensions containing 123 mg clay, with the pH controlled by a citric acid-NaOH buffer solution or by HC1, 10 ml 0.02 mole/1. (163 mmole/100g clay) benzidine dihydrochloride solution was added. After standing 24 hr, aliquots of the supernatant solutions were analyzed as described above.
RESULTS
Adsorption by montmorillonite versus amount of added organic
The results are shown in Fig. 1 for benzidine and in Fig. 2 for aniline, where millimoles of adsorbed organics and milliequivalents of exchanged cations per 100g clay are plotted versus millimoles of added organics per 100g clay. The pH values of the supernatant solutions and of the amine hydrochloride solutions are shown in Fig. 3 .
The experimental errors in adsorbed organics become larger as the amount added increases, because the adsorbed amount is determined as a difference. The possible errors in the measurements of liberated cations by atomic absorption analysis were approximately -+ 2 per cent for Li § and Na § ions, -+ 4 percent for Ca 2 § ion, and -+ 6 per cent for Mg ~* ion.
The intensity of the blue color is almost constant after saturation, slightly paler, not significantly, before saturation. The blue color is the deepest with Li+-montmorillonite, slightly less deep with Ca2+-montmorillonite. The coloration will be discussed in Part II.
Preliminary experiments showed that hectorite dissolved partially in benzidine hydrochloride solutions with liberation of Mg 2 § ions and an increase of the pH of the system. Because of these experimental difficulties, adsorption measurements with hectorite were not carried out. 0.02 tool/1, benzidine 2 3 4 5 7 10 15 dihydrochloride solution (ml) H20 (ml) 13 12 ll 10 8 5 0
To l0 ml Li+-montmorillonite suspensions containing 161 mg clay, add:
0.02 mole/1 benzidine 2 4 5 6 8 l0 12 15 dihydrochloride solution (ml) H:~O (ml) 13 11 10 9 7 5 3 0
To 5 ml Ca:*-montmorillonite suspensions containing 123 mg clay, add:
0.02 mole/1, benzidine 1 2 3 4 5 6 7 8 9 l0 dihydrochloride solution (ml) H:~O (ml) 9 8 7 6 5 4 3 2 1 0 Benzidine becomes less soluble in water as the pH is increased, and precipitates when the pH exceeds 4-7, the upper limit used in the present experiments.
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Adsorption by montmorillonite versus pH
At pH 1-32 and pH 1-43 the color was bluish white and at pH 2.14-3.36 was pale blue. At pH > 3.91 the color intensity increased to deep blue. Figure 1 shows that the curves for the total equivalents of inorganic cations displaced, that is, Na++ Mg ~ § Li++Mg 2 § and Ca 2 § are similar in shape to the curves for benzidine adsorbed. It is considered that the Mg 2+ ions measured are from exchange sites and not due to dissolution of the clay. Presumably, these Mg 2 § ions were initially on exchange sites but were not displaced by Na +, or Li § negligible Mg 2+ ions were detected from the Ca-clay. The smaller cation exchange capacities 82-89 m-equiv/100g clays determined by Brindley and Ertem (1971) were probably due to failure to measure Mg 2+ ions. The total exchanged cations from the Li-and Na-montmorillonite, 91-93 mequiv/100g clay, were slightly less than from the Ca-montmorillonite, about 100 m-equiv/100g, possibly due to some experimental error or to some other unmeasured exchanged cations.
DISCUSSION
Exchange of inorganic cations by benzidine
Adsorbed benzidine cations
Ignoring oxidized species, three possible cationic species can take part in exchange reactions, as follows: where R stands for diphenyl and X for inorganic monovalent exchangeable cations. Since the pH of the supernatant solution is always lower than that of the benzidine hydrochloride solution of the same concentration, (see Fig. 3a ), the contribution of reaction (3) is considered to be small. The lowering of the supernatant pH is attributed to reaction (2). The good general accordance of the adsorption curves of benzidine with the curves of total exchanged cations suggests that the adsorption occurs mainly by an exchange mechanism. The almost complete adsorption of added benzidine up to about 75-80 per cent of saturation (shown by lines of 45 ~ slope in Fig. 1 ) indicates that benzidine cations strongly replace the inorganic cations. Until about 30 mmoles/100g clay of benzidine dihydrochloride are added, the m-equiv of cations exchanged are almost twice the miUimoles of adsorbed benzidine, which must be adsorbed in the divalent form. When more dihydrochloride is added, the meq of cations exchanged becomes less than twice the millimoles of adsorbed benzidine, so that benzidine must then be adsorbed partly in the monovalent form. The amounts of divalent and monovalent benzidine adsorbed are calculated as follows: Let a and b be the amounts of divalent and monovalent cations taken up. Then a + b = amount of adsorbed benzidine, in mmole/100g clay and 2a+b = amount of exchanged inorganic ions, in meq/100g clay. From the experimental curves, a and b are obtained separately.
The proportion of monovalent benzidine cation adsorbed increases rapidly when saturation of the clay is approached; that is, when about 40-80mmole/100g clay of benzidine dihydrochloride are added, (Fig. lc) , even though divalent benzidine predominates in the supernatant solution. It is probable that monovalent benzidine is adsorbed preferentially by releasing hydrogen ion to the supernatant solution when enough benzidine is available. Some intermolecular force, such as hydrogen bond formation NH3+R NH2... H3+NR NH3 § may account for the preferential adsorption.
The amount of adsorbed monovalent benzidine was calculated from the concentration and pH value of the supernatant solution and the equilibrium constant pKa:, with the assumption that activity = concentration. For pK~2 a value 3.75 given by Grantham et al. (1971) was used. The calculated results (see Fig. lc ) are always smaller than the values obtained by the procedure described above, but are in agreement as far as the shape of the curve is concerned. The calculated values, however, are very sensitive to pH and to the assumed pKo2, so that no quantitative reliance is placed on the numerical results of this calculation.
Influence of controlled pH on the adsorption of benzidine
As the pH of the system changes the relative proportions of the adsorbed cationic species change. This proportion is related to the relative proportion of the cationic species in solution, which is controlled by the pH and the pKo~ and pKo2 values*, and also is influenced by the intermolecular attraction on the clay surface.
In Fig. 4 , at pH ~ 3.3, the total adsorption, a + b in the notation previously defined, is resolved into a and b by taking the exchange capacity 2a + b = 100m-equiv/100g clay. The results are shown in Fig. 4 , curve 2 for b (monovalent adsorption), and curve 3 for a (divalent adsorption). The steep rise in total adsorption beyond pH-3.5 must be attributed in part to adsorption of neutral benzidlne. The resolution of total adsorption into three components can only be estimated. The dashed curves are drawn by continuing curve 2 more or less parallel to curve 1 towards the exchange capacity limit for monovalent ion adsorption. Curve 3 is extrapolated towards zero around pH 4, and the difference *In using listed pK~ values, one must proceed cautiously because pK~ values are dependent on temperature and ionic strength which may not be stated. In the present connection, it suffices to take 4.6 < pK~, < 5.1 and 3.4 < pK~2 < 3.9 for the experimental conditions used. of benzidine and aniline 283 between curve 1, and curve 2 + curve 3, is the neutral benzidine adsorption, curve 4. No great accuracy is claimed for the dashed portions of the curves, but they are considered a reasonable interpretation of the total adsorption. An adsorption maximum may be expected around pH 4.6 or higher which is probably close to the pKo, value. Lahav and Raziel (1971) measured the decrease of adsorption of benzidine from pH 7 to 9.3 and by combining their data with that of Dodd and Ray (1960) , they expected the maximum adsorption to occur around pH 6. However, they concluded that there was no simple relation between the pKo and the pH of maximum adsorption, by taking pKb = 12.1 (i.e. pKa = 1.9).
Adsorption of aniline on Ca2+-montmorillonite
The replacing power of anilinium ions over Ca 2 § ions is not so strong as that of benzidine cations. Contrary to the adsorption of benzidine, some aniline always remains in the supernatant solution. Not all of the exchangeable Ca 2 § ions are replaced by anilinium ions even when the amount of aniline added is five times the exchange capacity. Up to 190 mmole/100g clay of added aniline hydrochloride, the amount of replaced Ca 2+ ions appears larger than the adsorbed aniline. This result may be due to hydrogen ions participating in the exchange reaction with accompanying increase of the pH of the supernatant solution. When more than 190 mmole/100g clay of aniline hydrochloride is added, the amount of adsorbed aniline exceeds the amount of exchanged Ca 2 § ions. This result may be due to the adsorption of neutral aniline molecules, probably by hydrogen bond formation of the type, Ph-NH3+... NH2-Ph (Ph = phenyl). The adsorption of neutral aniline decreases the pH of the supernatant solution:
Ph-NH3 + + clay ~ Ph-NH2-clay + H ~.
The increase of pH by adsorption of hydrogen ion and the decrease by adsorption of neutral aniline are in good agreement with the experimental results (see Fig. 3b ).
II--COLORATION REACTIONS RESULTS
Benzidine-montmorillonite
A blue color developed immediately when benzidine dihydrochloride solution was added to a montmorillonite suspension. Usually about 10 mi of 0.02 mole/1.solution was added to 5 mi clay suspension containing about 100 mg clay. Even after the solution and the suspension had been flushed with N2 or CO for several hours and then mixed without opening the system to the atmosphere, the coloration occurred immediately and with no difference from that observed in air. The pH of the supernatant solutions was around 2.6.
The blue color obtained with Li-montmorillonite was deeper than that obtained with Na-montmorillonite, which in turn was much deeper than that with Ca-montmorillonite. This result was surprising since the adsorption experiments showed that the inorganic cations were entirely displaced by the benzidine. However, since Ca-montmorillonite, heat-treated for several hours at 110~ in air, developed a deeper blue than untreated Ca-montmorillonite, it seemed likely that the differences in color could well be due to some differences in preparation, such as grinding or conditions of drying (see Page, 1941; Solomon et al., 1968) .
For Li-and Na-montmorillonite, the blue colors which developed near pH 2-6 became paler with addition of HC1, green at about pH 1.5, and yellow at pH <0.9. However, the blue color formed with Ca-montmorillonite became paler as pH decreased and finally white at pH < 1.4. The color changes were reversed by addition of NaOH, and with further addition of NaOH a very deep blue color was obtained with all montmorillonite complexes. However, after the initial blue complexes were left standing for two days, addition of HC1 gave a pink color to the Na § and Ca ~+-montmorillonite complexes and a yellowishbrown color to the Li+-montmorillonite. These changes were poorly reversible by addition of NaOH.
Benzidine-hectorite
No immediate coloration was observed on addition of benzidine dihydrochloride solution to hectorite, but after several hours, a very pale blue color developed which became deeper on standing. The pH of the supernatant solution increased on standing because of the decomposition of the hectorite; that is, the pH was about 2.8 soon after mixing and about 4.1 after 2 days. No color development was obtained under N2 or CO atmosphere over 2 days; in this respect, the behavior of hectorite was strikingly different from that of montmorillonite.
Addition of H:O2 caused the color to develop faster. In 30 rain the color was sky blue with 3 per cent H20: and deep blue with 15 per cent H:O2. Both became bluish black on standing overnight. A pale brown color was obtained by addition of H202 to benzidine dihydrochloride solution without hectorite.
By addition of HC1 to the colored complex, obtained by standing or by addition of H202, the color changed to green at pH about 1.2, and to yellow at pH about 0.8. The change was reversible by NaOH. The yellow and green colors were deeper than those with the montmorillonite complexes even when the initial blue color was less deep. With further addition of NaOH, contrary to the behavior of the montmorillonite complexes, the blue color did not deepen but became paler.
Aniline-montmorillonite and aniline-hectorite
No coloration with either hectorite or montmorillonite was obtained in aniline hydrochloride solution even after several days standing. Both hectorite and montmorillonite complexes on glass slides became reddish when dried in air, and reddish brown after several days in air. By heat-treatment at 110~ in air, both complexes became brownish black. However in N2 atmosphere no color developed.
DISCUSSION
Coloration of benzidine complexes
The following observations have been made: (i) An immediate coloration of benzidine with montmorillonite, irrespective of the exchangeable cations and of the presence of oxygen; (ii) enhancement of the color with heat-treated (110~ montmorillonite; (iii) no immediate coloration with hectorite, the iron content of which is much less than that of montmorillonite. These observations suggest that the rnontmorillonite has sufficient oxidizing power to oxidize benzidine to benzidine semiquinone, and that this oxidizing power may be associated with the ferric ions. In montmorillonite, ferric ions are located mainly or wholly in octahedral positions and some are exposed at crystal edges. Montmorillonite has mainly Al 3+ in octahedral positions, hectorite mainly Mg 2 § Therefore, oxidation may be associated also with A13 § at crystal edges, which act as a Lewis acid as suggested by Solomon et al. (1968) .
The gradual development of blue color of the hectorite complex and no color development after excluding oxygen suggest that dissolved oxygen also may have some role in the oxidation of benzidine to benzidine semiquinone.Possibly, dissolved oxygen will oxidize benzidine molecules on the clay surfaces which might act as oxidation catalysts. Hydrogen peroxide alone does not give a blue color to benzidine hydrochloride solution, but with hectorite present a very deep blue color was obtained. This phenomenon favors hectorite as a catalyst for the formation of semiquinone by oxygen or H202.
With montmorillonite, the possible effect of dissolved oxygen on the formation of semiquinone is not distinguishable because the coloration occurs very rapidly even in the N2-flushed system. Solomon et al. (1968) noted that the presence of oxygen increases the ease with which a clay mineral can oxidize benzidine to benzidine semiquinone, of benzidine and aniline 285
However, the yellow divalent semiquinone (one electron oxidation product) may not be stable because of the small stabilization resonance energy due to its asymmetric structure. Hasegawa (1961) and Hakusui et al. (1970) assigned the yellow color of the complex to divalent quinoidal cations (two electron oxidation products) by their spectroscopic studies, and Hakusui et al. (1970) proposed the alternative equilibrium between semiquinone and divalent quinoidal cation, which may be modified for low pH conditions as:
semiquinone, blue quinoidal cation, yellow
HaN--~~I~H3 + 2H20
benzidine cation colorless and ascribed this phenomenon to catalytic action of oxygen at aluminum atoms at crystal edges. Oxygen may further oxidize the semiquinone. The blue color of the montmorillonlte complex in the solution changed to a violet color on long standing. Even after 2 days, addition of HCl and NaOH to the blue montmorillonite complex produced different color changes than did the fresh sample.
Influence of pH on benzidine color reactions
The species responsible for the yellow color is still uncertain. Dodd and Ray (1960) suggested an equilibrium on the clay between blue monovalent semiquinone cation and yellow divalent semiquinone cation, following the proposal of Weiss (1938) Under low pH conditions, mainly divalent instead of monovalent must coexist with yellow quinoidal cations (see Fig. 4 , pH < 2). Solomon et al. (1968) noted that esr failed to show the presence of radical species in the yellow complex, probably because quinoidal cations (non-radicals) are responsible for the yellow color. The changes caused by addition of HC1 are interpreted as follows: The blue color due to semiquinone at pH > 1.5, goes to yellow due to the quinoidal cation at pH < 1, while green arises from a mixture of the two species. The absence of green and yellow with the complex prepared from Ca2+-montmorillonite may be due to development of semiquinones and quinoidal cations insufficient to display these colors. Both green and yellow were observed with the complex prepared from the preheated Ca2+-montmoriUonite. The pH value, approximately 1.5-1.4, where green is observed, must be close to the point where the semiquinone transforms to the divalent quinoidal cation on the clay surface. The surface pH may be different from that of the supernatant solution.
The pH-related differences between the color changes of montmorillonite and hectorite are quite significant. The blue of the montmorillonite complexes was increased by addition of NaOH, and decreased by addition of HC1 until a green or a colorless condition was obtained. Addition of NaOH caused the blue of the hectorite complex to become paler. However, this blue complex did not become paler with HC1 before a green color was developed.
These results suggest that the number of electrons taken up on montmorillonite from benzidine changes with the pH of the medium, while the number taken up on hectorite remains almost constant. This suggestion is consistent with the hypothesis that semiquinones are formed on montmorillonite mainly due to reversible oxidation by the clay itself, probably associated with ferric ions, while semiquinones are formed on hectorite mainly by irreversible oxidation by dissolved oxygen. These two processes may be represented as follows:
On the montmorillonite, NH3+R NH3 + + montmorillonite(Fe 3+) ~ NH2R NH2 + + montmorillonite(Fe 2 § + 2H +
On the hectorite, 2 NH3+R NH3 + + 1/2 O2->2 NH:+R NH: + H20
+ 2 H § (6)
Relation o[ oxidation to adsorption o[ benzidine
The adsorption of benzidine was attributed to divalent and monovalent cations and neutral molecules without reference to the color reactions. However, the color changes have been considered in terms of divalent quinoidal and monovalent semiquinone cations. As discussed above, the electron transferred from benzidine to montmorillonite produces an additional negative charge on the clay layer which is balanced by the positive charge of the semiquinone produced, reaction (5). Therefore, the total adsorption of benzidine in Fig. 1 is the amount of unoxidized cation taken up by the exchange reaction, plus the amount of semiquinone generated. The former must be almost constant because the initial exchange capacity is presumably constant. The latter may vary as indicated by considerable differences in the intensities of the blue color developed. Since the adsorption curves in Fig. 1 are almost exactly the same, the formation of semiquinone must be a small and variable feature in the total adsorption process.
Reaction (5) also shows that more semiquinone will be generated as pH increases. The increase of blue color observed at pH > 3.9 parallels the increase of neutral benzidine shown in Fig. 4 . With these pH conditions, the amount of semiquinone might be appreciable. At pH < 3.4 the semiquinone diminishes (blue color fades) and at pH 1.4 becomes bluish white. Since the amount of semiquinone becomes very small at low pH, the amount of quinoidal cation transformed by reaction (4) also is very small so that the adsorption curve may not be influenced by this transformation.
Coloration of aniline complexes
Colorations of the aniline complexes of both montmorillonite and hectorite by contact with air, and no coloration after heating at 110~ under a N2 atmosphere, suggest that the colorations are due to oxidation by atmospheric oxygen as suggested by Weiss (1963) . The ferric ions or other active sites of montmorillonlte, which are able to oxidize benzidine to benzidine semiquinone, may not have sufficient oxidizing power to oxidize aniline. The color change to brownish black by heat-treatment at 110~ in air may be due not only to the increase of the amount of oxidized species, but also to further reaction, probably polymerization (Weiss, 1963) .
CONCLUSIONS
At controlled pH < 3.4, benzidine-montmorillonite complexes are formed by a cation exchange process in which divalent cations predominate on the clay at pH < 2.7, and monovalent at 2.7 < pH < 3.4. At 3.4 < pH < 4.5 the situation is less certain; monovalent cations and neutral molecules mainly are involved. AnilinemontmoriUonite complexes also are formed mainly by cation exchange but the replacing power of aniline monovalent cations over Ca 2 § ions is not strong enough to replace all Ca 2 § ions.
Blue coloration of benzidine-montmorillonite and benzidin~-hectorite complexes prepared from aqueous hydrochloride solutions is attributed to semiquinone formation which may occur in two ways: (i) by oxidation on montmorillonite, mainly by the clay itself, probably associated with ferric ions on exposed surfaces; and (ii) on hectorite by dissolved oxygen or H202 and possibly other oxidizing agents which may not give semiquinone without hectorite present. The first process appears to be reversible, the second irreversible.
Yellow coloration is attributed to a reversible transformation to quinoidal cations from semi~ quinone as suggested by Hakusui et al. (1970) . The color development of aniline is due to oxidation of aniline by atmospheric oxygen possibly with subsequent polymerization as suggested by Weiss (1963) .
Benzidine adsorption by montmorillonite is explained in terms of unoxidized cations, divalent and monovalent, and neutral benzidine. Oxidized benzidine ions are relatively few, especially at low pH conditions, but at higher pH conditions semiquinone may be appreciable. The conclusions rely largely on qualitative observations of color intensities developed under different conditions. Quantitative measurement of the oxidized species has never been carried out, and when this becomes feasible it is likely to provide more detailed information on the mechanism of color formation.
R6sum6--On a 6tudi6 quantitativement l'adsorption de la benzidine et de l'aniline ~ partir des solutions aqueuses de chlorhydrate par la montmorillonite Na, Li et Ca; on a dos6 6galement les cations mingraux d6plac6s. Les r6sultats obtenus ont permis de d6terminer les 6tats ioniques des esp~ces organiques adsorbges. En condition de pH contr616, l'adsorption de la benzidine augmente quand le pH augmente et fait intervenir principalement une esp~ce divalente ~ pH < 3,2, et des proportions croissantes d'esp~ces monovalente et neutre ~ pH > 3,2. Avec l'aniline, les esp&ces monovalente et neutre sont adsorbges, et les ions hydrog~ne semblent 6galement participer aux r6actions.
Le d6veloppement de la couleur avec les complexes form6s entre la benzidine ou l'aniline et la montmorillonite ou l'hectorite ont 6t6 6tudigs qualitativement dans leurs rapports avec les donnges concernant radsorption, avec des conditions expgrimentales vari6es comprenant la nature du cation min6ral 6changeable, le pH, la prgsence ou l'absence d'oxyg~ne darts le syst~me et avec des travaux ant6rieurs. On a fait l'hypoth~se que la couleur bleue du complexe avec la benzidine est due h la dormation d'une semiquinone par oxydation par l'argile seule dans le cas de la montmorillonite et par I'oxyg~ne dissous ou H20~ dans le cas de l'hectorite, et que la couleur jaune en conditions acides provient de la formation r6versible de cations quinone ~ partir des semiquinones. Les d6veloppements color6s observ6s avec le complexe avec l'aniline sont probablement dus ~t I'oxydation de I'aniline par l'oxyg~ne atmosph6rique.
Km'zreferat--Die Benzidin-und Anilinadsorption aus w/issrigen salzsauren L6sungen durch Na-, Liund Ca-Montmorillordt, sowie die verdr~ingten anorganischen Kationen wurden quantitativ gemessen. Aus diesen Mel3werten wurde der Ionenzustand der adsorbierten organischen Verbindungen bestimmt. Unter kontrollierten pH-Bedingungen steigt die Adsorption von Benzidin mit steigendem pH-Wert an und umfaBt bei pH < 3,2 haupts~ichlich zweiwertige Arten und bei pH > 3,2 steigende Anteile einwertiger und neutraler Arten. Bei Anilin werden einwertige und neutrale Arten adsorbiert und auch Wasserstotfionen scheinen an den Reaktionen teilzunehmen.
Die Farbentwicklung von Benzidin-und Anilinkomplexen mit Montmorillonit und Hectorit wird qualitativ in ihrem Verh~iltnis zu den Adsorptionsdaten, zu verschiedenen Versuchsbedingungen (Art der anorganischen austauschbaren Kationen, pH, Gegenwart oder Abwesenheit yon Sauerstoff im System) und zu den Ergebnissen einschl~igiger friiherer Arbeiten untersucht. Es wird die Hypothese aufgestellt, dab die blaue Farbe des Benzidinkomplexes auf die Semichinonbildung durch Oxidation zuriJckzufiihren ist und zwar an Montmorillonit durch den Ton selbst und an Hectorit durch gel6sten Sauerstoff oder H202, und dab die gelbe Farbe unter sauren Bedingungen durch die reversible Bildung yon chinoiden Kationen aus Semichinonen entsteht. Die Farbentwicklung des Anilinkomplexes ist wahrscheinlich auf die Oxidation yon Anilin durch Sauerstoff der Atmosph/ire zur~ickzufiihren.
Pe~loMe --l-IpoBo~t~xcn Ko.rlHqeCTBeHHbIe H3MepeHttfl aacop6ttHH 6ert3H~ir~Ha n aHnnnHa Ha BO//HblX FH~I, pOX.rlOpH~HblX paCTBOpOB Na-, Li-, a Ca-MOHTMOpHJ'I.rlOHI, ITOM H TaK~e CMelUeHHblX neopraHrlqecKHx I~aTI4OrlOB. lqo 9TI'IM ,~aHHblM onpe~e~meTcfl 14oHnoe COCTOflHt4e a~cop6HpOBaHHbIX opFaHH-
